This paper describes a design procedure for the determination of the geometry of the blading of the turbomachine with prescribed thickness and bound vorticity distribution. The boundary conditions are discussed in order to have a properly posed field problem. Optimised 2D cascade design example is shown. The quasi 3D "S2" -"SI" stream function formulation is 
developed. The design of guide vanes downstream of a lateral inlet casing is described. A new approach by introducing a potential like function to treat the 3D rotational flow is also formulated. This paper proposes a design procedure for the highly loaded blading accepting the introduction of the thickness distribution and the bound vorticity distribution as the initial data. Beginning by treating the 2D cascade design in §2, it will be shown how to pose the inverse problem with the boundary conditions applied on the presumed blade contour, and using the flux detected on the associated boundary elements in the upper side and the lower side of the contour, the modification of the shape of the camber line can be performed. The solution of the field problem is repeated with modified presumed blade contour until the shape of the blade is unchanged, it will lead to the definition of the geometry of the blading. To treat the quasi 3D design, the S2 and Sr approach as proposed by C.H. Wu [1] is adopted. The formulation of the inverse problem using the stream function is developed in §3. It will be shown how to proceed in order to obtain the shape of the blading. §3.3 describes the design of the guide vanes downstream of a lateral inlet casing using the Si approach, it will be seen how to determine the strength of bound vorticity for each vane in order to obtain uniform prewhirl downstream flow. The transposition of the bound vorticity to the presumed boundary of each vane in the computation will lead to the definition of the geometry of the vanes all together. Finally in §4, an approach by introducing a so called potential-like function is presented. This function can be used to represent the rotational flow field. It possesses several computational advantages. As the velocity potential, it can be used to treat the really 3D transonic flow.
2D CASCADE INVERSE PROBLEM
Suppose the pitch 2irr/./Vb and the axial chord xrE -5 LE of the cascade are specified. The geometry of the blade is characterized by its thickness distribution and the shape of its camber line, fig.l . The thickness distribution is defined by the variation of the radius of the inscribed circles of the blade contour. As those circles are centered on the blade's camber line, its radius introduced as function of the abscissa of its center is considered as the data of the thickness distribution. The notion of the association of the blade bound-When the flow is characterized by the stream function 0, using (5), we can write
It shows that the loading distribution is related to df 1 ds. The higher is the local value df 1 ds the more intense is loading.
The form of the camber line is the unknown of the problem. However, in relation with the inlet and outlet angles, it is not difficult to establish the presumed shape of the blade. The boundary conditions of the flow field have to be imposed on the presumed contour of the blade. As the contour is not yet the blade surface, the penetration of the fluid flow must be tolerated. The flux penetrating condition has to be defined so that the flux detected can be used to correct the form of the camber line. To have a properly posed field problem, it is suggested that the flux through each pair of associated boundary elements must be conservative. This condition implies
so that the presence of the presumed blade contour does not produce any extra flux.
When the flow field is represented by the velocity potential 0, the equations (4) and (6) define the boundary conditions which have to be applied on the centers of the associated boundary arc elements, in noting that V, = awn. ary elements has to be introduced. The arc elements taken respectively on the upper side and the lower side tangential to two inscribed circles centered at x -dx/2 and x dx/2 are called associated. They are also considered as associated to the element of the camber line between x -dx/2 and a+ dx/2.
The centers of the three associated elements are characterized by the abscissa x of the camber line element. Suppose the inlet flow angle a and the outlet flow angle p are prescribed, the circulation r of the bound vortex that must be generated by the blade is given by = Nr Vo (sin a -cos a tan p) (1) where Vo represents the velocity in far upstream.
To make easy the expose, suppose the radius of leading edge osculating inscribed circle is reduced to zero. In this case, the definition of the associated boundary elements can be considered as beginning from the leading edge. Let
where P+ and P -are the centers of the upper and lower associated boundary elements. This quantity can be considered as the circulation generated by the bound vortex located between the leading edge of the blade and the line P+, P, P -it should be a fraction of F. Let x be the abscissa of the center P of the associated camber element, and
we can write (4)
By definition, f (s) represents the fraction of circulation generated by the bound vortex located in front of s. It is evident that the function f must be a monotonically increasing function of s: df 1 ds > 0, 1(0) = 0, and 1(1) = 1.
Let V5 denote the tangential component of V on the contour of the blade, as 1/5 = aolai, using (4), we have
Noting that V, = a b /at, integration of (6) over the associated blade boundary elements gives
The equations (7) and (8) define the boundary conditions which are to be applied on the centers of the associated boundary arc elements.
Usually, the leading edge of the blade is always round, the radius of the osculating inscribed circle is not zero. As the front part of this circle represents the real boundary of the blade, the slip condition a¢/an = 0 or = cte has to be applied. The first associated blade contour elements to be created are the common tangents of this circle and the following adjacent incribed circle. The xLE appeared in (3) which defines s must to be replaced by the abscissa of the center of the leading edge osculating circle.
Near the trailing edge, it is suggested to let the last element of the camber line have the same tangential direction as the preceding element. Instead of the associated boundary conditions, the slip condition is applied on the last pair of associated boundary elements. For each iterative computation cycle, the Kutta-Joukowsky condition has to be checked. This condition implies that the pressure must be the same value on the centers of the last pair of the boundary elements. Let (Res) denote is+ -p+, if (Res) is not zero, it is due to the excess or the deficiency of the bound vorticity near the trailing edge. In practice, the following process is used to re-establish the K-J condition.
The I' appeared in (4) and (7) is replaced by f which has a value very close to the global circulation P of the bound vortex. As the global circulation is already imposed with the state of flow prescribed in the far upstream and downstream sides, the modification of I' does not lead to change P, but to the readjustment of the density of the bound vortex distribution on the blade excluding the last pair of boundary elements . The increasing of F leads to shift the bound vortex density from the last elements to the upstream side and vice versa. So that the modification of I' according to the sign of (Res) might lead to re-establishment of the K-J condition.
The singularities method or the finite difference method may be used to resolve the inverse field problem. Having resolved the field problem in each iterative step, it is necessary to correct the camber line of the blade according to the flux detected on the boundary elements. Let t9 denote the slope angle of each element of the camber line, the correction 619 is given by Using 6/9 defined by (9), the camber line is corrected while keeping the leading edge point or trailing edge point unchanged. fig.3 by the dotted line. The surface velocity distribution is shown in fig.4 also by the dotted line. Experience shows that the velocity on the suction side is essentially related to the slope of the function f (s). Initially, f(s) is chosen as a S shape function. The adjustment of the function f(s) can lead to an optimized distribution of the surface velocity in order that the criterion of the no boundary layer separation or the no fluid cavitation is respected. For the considered example, the function f (s) has been optimized to obtain the no separation of the boundary layer. The variations of f (s) and Vt /V, for the offdesign operation obtained by solving the direct problem are also plotted in fig.  3 and 4. It can be seen that the off-adaptation of the leading edge is related to slope of f(s) for s = 0. When the leading edge is adapted, the surface velocity distribution shows that the danger of boundary layer separation or the cavitation on its neighbor is eliminated. In order to obtain an adapted leading edge for the design condition, f (s) should have a horizontal slope for s = 0. The slope df /ds near the trailing edge has to be reduced to zero progressively, if the reduction is too abrupt, the loading near the trailing edge should be too hight and should lead to the boundary layer separation on the suction side. 
INVERSE PROBLEM BASED ON FORMULATION IN S2 AND S1 APPROACHES
In the S2 approach, the number of blades constituting the rotor or the stator is supposed infinite, the flow field becomes axi-symmetrical and can be defined in the meridional plane. For the inverse problem, the distribution of the quantity Ver in the zones of the stator and the rotor must be prescribed to characterize the desired bound vortex distribution. The solution of the inverse field problem leads to the determination of the axi-symmetrical stream sheets called 51 and the approximate form of the camber surface of the blades. In the S1 approach, the solution of the blade to blade flow inverse problem leads to the final determination of the camber surface of the blades.
S2 APPROACH
In the meridian flow channel, a boundary fitted coordinate system V, e is created with e O. Let denote the coordinates z, 0 and r. We have In the S1 approach, the presumed form of the blade is defined by the S2 approach on each stream sheet S1 in the coordinate system m, 0, v. The sheet has a thickness r represented by Av = 1. In this coordinate system (15) designated also by te, we have (DA ), = 1, (g22 )" r2 , and (g33 )" = r2 . To create the boundary fitted coordinate system, the first transformation leading to the system x' , x2 is performed with 
This equation is considered as the governing equation for the stream function //), where 12 2 has to be updated iteratively by using (18) or (19).
In the iterative finite difference solution of the field problem, The lines = cte of the coordinate system have to be updated in order that they take the form of the streamlines. When these lines coincide with the streamlines, the following relations are used to compute curvilinear distance m on each streamline
The local thickness r of the axi-symmetrical stream sheets is given by
Let the form of the camber surface be defined by e2 =6 = ,e2 (el e3 )± cte and let U denote V or IF, using the condition U can be computed with the blade section is transformed into a 2D cascade in the x l , x2 plane. In this system, we have (gii) = (r/R) 2 , (g22 ), (01) 
T drn
Finally the governing equation for G is
The boundary condition applied on the presumed contour of the blade developed in §2 is still valid. The K-J condition is established in the same manner. For the updating of the camber line, the following relations are used 41 1 1/r/ ±isins ,9 , = ( 14W2) ± cos 6/9 ± = from which, we deduce \/14/2
Using this, the updating of the camber line can be carried out.
HYDRAULIC TURBINE INLET GUIDE VANES
The design of guide vanes for the lateral inlet of a hydraulic turbine is shown as an example, fig.5 . This design is achieved by solving the inverse problem using the Si approach. It should be point out that this is not a conventional design. Because the shape of the guide vanes is different from one to another, the bound vortex generated by each vane is the unknown of the problem. At the first step, the guide vanes are supposed to be replaced by the micro cascade placed on the circonference of the trailing edges of the vanes. The fig.6 shows the transformed shape of the inlet casing in the V, plane. The circle passing by the trailing edges of the vanes is transformed into a straight line parallel to the axis a 2 . In order to have a homogeneous inlet flow rate for the turbine, a linear distribution of should be imposed on this line. The flow field in the upstream side of this line can be computed separately. In the downstream side of this line, the homogeneous prewhirl condition is represented by a uniform flow having the same 7L] distribution on this line. The discontinuity of the normal derivative of i determines the local density of the bound vortex that the micro cascade must produce. In replacing the micro cascade by the vanes, the circulation of the corresponding portion of the micro cascade should be the circulation of the corresponding vane. At the second step, the whole S 1 flow field is computed. The circulation determined for each vane is transposed to its presumed contour. The position of the trailing edge of each vane is maintained unchanged. On these points, the value of the stream function which determines the flow rate in each blade to blade channel remains unchanged. This value is applied on the associated pair of the boundary elements forming the trailing edge of the vane. The V family of the mesh lines is modified iteratively to the shape of the streamlines. As the value for each vane is maintained unchanged, establishement of K-J condition on the leading edge of the vane may lead to a final readjustment of its circulation. The form of the guide vanes determined by this design procedure is shown in fig.7 . 
POTENTIAL-LIKE FUNCTION
It is well known that the approach with the stream function does not permit computation of transonic flow, its extension to 3D even in the subsonic range is not quite easy [3] [4] ; and the use of the velocity potential is prohibited when the flow is rotational. However for the irrotational flow, the use of the potential is quite convenient for the 3D case even in the transonic range. It is desirable to develop a new approach capable to treat the internal rotational flow while conserving all advantages inherent to the potential formulation. That is the reason why we introduce the potential-like function.
Once a network V, e, e is created so that the direction e-1 is pointing to the downstream side, fig.8 , we introduce the potential Iike function cb in writing The surface (V)1, 3 ,k is placed far upstream where the state of the flow is known. We can write
The equality between the circulation of IX( taken on a contour which is lying on a e cte surface and the flux of V x = 12, acrossing the contour permits to write is applied for the determination of 0 1 . In this manner, the necessary condition of V • 11 0 is preserved.
There is no problem to transpose this formulation for the 51 and S2 approaches. It should be point out that it is possible to incorporate the efficient solution technique developped by Shankar and al [5] [6] for the transonic potential flow computation in this approach. It will make the computation of the 3D rotational flow more accessible.
CONCLUSION
A design procedure more suitable for engineering use is proposed in this paper. This design approach accepts the prescription of the thickness distribution of the blade and the loading distribution as the initial data. It is relatively easy to obtain the optimized design by some adjustment of the initial data. Examples of the optimized designs of the 2D cascade and the guide vanes downstream of a lateral inlet casing are also presented. A new approach is proposed which introduces a potential-like function to treat the 3D transonic rotational flow field. We hope this might stimulate some further researches for this approach. 
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